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Since the work of Romer (1) in 1896 it has been
known that the sweat glands are present in the
footpads of the rat. Schiefferdeeker (2) presumed
that the rat's sweat glands are of eccrine type as
in the footpads of the cat and dog. This was con-
firmed by histological observation of Ring and
Randall (3). Recently Hashimoto et at. (4) found
that the nerve fibers surrounding the secretory
tubules of the glands were stained for cholin-
esterases.
Nevertheless, our knowledge regarding the
functional activity of the sweat glands of this
species is still very meager. Luchsinger (5) in 1883
described in error that the rat does not sweat.
Spontaneous sweating on the footpads was estab-
lished by Ring and Randall (3) and by Blozovski
and Sivadj ian (6). Marzulli and Callahan (7)
reported that pilocarpine in 2 X 10 was ineffec-
tive in eliciting local sweating. On the other hand,
Yamashita (8) observed sweating produced by
local injection of mecholyl in 10 to 106.
In the present investigation, the secretory
activity of the rat's sweat glands has been studied
from the standpoint of the comparative physiology
and pharmacology.
Methods: Two hundred ninety-eight albino rats,
mature and immature, of the Wistar strain were
used. Usually the interdigital and metatarsal pads
of the hind foot were chosen as test areas. Most
experiments were performed on animals capable of
spontaneous sweating.
In order to abolish spontaneous sweating, the
following means were employed: 1) inhalation of
ether, 2) blocking of the sciatic nerve with 0.3—0.4
ml. of 2% procaine from without, 3) section
of the sciatic nerve. Procainization or section of
the nerve was done at the level of the greater
trochanter about 20 to 90 minutes before the
experiment. When the observation was made
under non-anesthesia, the whole body, except for
the hind legs, of the animal was placed in a metal
box of appropriate size with one side open. The
hind legs were kept extended with a bar which was
nttached vertically to the open side of the box;
and the digits were fastened to the board placed
below the box, with care not to impair circulation
to the test areas.
Sweat discharged at the openings of the sweat
ducts was visualized by the iodine-starch method
of Wada and Takagaki (9, 10), and observed with
a magnifying lens or stereo-microscope.
Identification of an axon reflex sweating was
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made by the band method of Wada et at (11), using
a thin copper string instead of rubber cord, as
shown in Fig. 2.
The following agents were used: Acetylcholine
chloride (Roche), adrenaline hydrochloride
(Sankyo), atropine sulfate, dihydroergotamine
methansulfonate (DHE 45, Sandoz), hexa-
methonium bromide (Squibb), lobeline hydro-
chloride, mecholyl chloride (Merck), nicotine
(Theodor Schuchardt), and pilocarpine hydro-
chloride (Merck). Unless otherwise noted, test
solutions were prepared to contain NaC1 in 0.9
per cent, and injected subcutaneously into the
pads in a volume of 0.01—0.02 ml. The observations
were made at room temperature of 7° to 31° C and
relative humidity of about 60 to 90 per cent.
RESULTs AND DIscussIoN
Spontaneous sweating is shown in Fig. 1. This
sweating began to occur between the 17th and 30th
days of birth, and was not lost until the end of at
least two years. In most of tests the local injection
of atropine in 10—8 and 10 inhibited, though
slightly, spontaneous sweating, as judged by
decrease in the number of sweat spots. A complete
inhibition was observed usually with atropine in
10—6 and 10. In contrast, DHE in 10—6 and l0
was without effect; with DHE in l0 a strong
inhibition of spontaneous sweating was seen in the
majority of tests.
Acetylcholine, mecholyl and pilocarpine proved
to be capable of inducing local sweating. Control
injections of 0.9% saline had no effect in the
nerve-sectioned animals. The responsiveness to
each sudorific ngent was found to differ more or
less between different pads of the same animals.
The minimum effective concentrations were
l08 — 10—6, mostly 10 — l0 for acetylcholine;10 — 10—6, mostly 10—8 — 10 for mecholyl; and10 — 10—6, mostly l0 for pilocarpine. The sweat
responses to acetylcholine and mecholyl both in
10 were abolished totally by atropine in 10
administered in mixture.
Adrenaline also was effective in producing local
sweating. Positive results were obtained more
frequently in mature rats than immature ones.
The minimum effective concentrations were 10 —
10, mostly 10—6. The responses to adrenaline in
10_6 and 10 were not impaired by atropine in
10 and 10. However, a strong but not complete
inhibition was observed with atropine in 10—a.
DHE in 10 abolished almost totally the sweating
induced by adrenaline in 106.
From the present results it appears highly likely
that the rat's sweat glands receive a cholinergic
nerve supply.
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always localized to the injected side of the band
and never extended to the uninjeeted side (Fig.
2). This sweating was usually abolished by
atropine in 10—6 and 10, but not by hexametho-
nium in 10 to 1O. Lobeline in 106 and 10
induced rarely a slight sweating, and NaC1 in 3
to 6 per cent had always no effect. These results
indicate that an axon reflex sweating does not
occur in the rat's footpads. Recently Wada et el.
(12) pointed out that the sweating axon reflex is
associated with a eholinergie nature of the sweat
nerve fibers, regardless of whether the type of
sweat glands is eccrine or apoerine. In this con-
nection, it is of interest to note that the sweat
nerve fibers of the rat lack the receptors respon-
sible for the axon reflex, in contrast to those in the
footpads of the eat (Wada ci al, 13) and dog
(Takahashi, 14), and also to those in man.
SUMMARY
FIG. 1. Spontaneous sweating on the plantar
pads of rat. X 3. Not retouched.
FIG. 2. Local sweating produced by subcu-
taneous injection of 0.02 ml of nicotine in 10
into the medial metatarsal pad of the hind foot.
The site of injection is indicated by arrow. See
the text. Photographed 10 minutes after injec-
tion. X S. Not retouched.
The sciatie nerve section caused a progressive
fall in sensitivities of sweat glands on the ipsi-
lateral side to the sudorific agents. This effect was
detectable within 24 to 100 hours after operation
and lasted for one month or more. It should be
added that the responsiveness was lessened also
by malnutrition.
It was determined whether sweating by axon
reflex mechanism could be produced on the rat's
footpads. Nicotine in 10-6 and 10 showed no
sudorific effect, but nicotine in 10 and 10
elicited a local sweating in the majority of tests.
When the band method was used, the response was
The present results demonstrate that the sweat
glands in the footpads of the rat are stimulated
by the local injection of actyleholine, meeholyl,
pilocarpine and adrenaline. Evidence is presented
to suggest that the sweat glands receive a eholin-
ergie nerve supply. Interestingly, sweating by
axon reflex mechanism does not occur in this
species.
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